SnO2/ZnO nanomaterials were synthesized by sol-gel method using polyethylene glycol with different SnO2 contents. The synthesized samples were annealed at 600 o C. The effects of SnO2/ZnO were investigated Viz., molar ratios, morphology, optical and photocatalytic properties. The prepared samples were analyzed by XRD, TEM, SEM, FT-Raman spectroscopy, N2 physical adsorption, FT-IR, and UVVis spectroscopy. The optical band gaps of SnO2/ZnO nanocomposites were obtained from UV-diffuse reflectance spectroscopic studies. The photocatalytic activities of prepared samples increased with the decrease SnO2 content, which could be explained by increase in charge parting resulting from the coupling of ZnO with SnO2 due change in potential energy. Additionally, the SnO2/ZnO nanocomposite with the optimal molar ratio was used to change a glassy carbon electrode (GCE) and then employed successfully for the electrochemical sensing of hydrazine at various concentrations using the amperometric technique. The modified GCE showed high sensitivity 1.16 µAµM -1 cm -2 , linear dynamic range 2.5 to 25µM (R 2 = 0.9997), fast response time within 5s and a limit of detection (LOD) 0.36 µM at (S/N=3).
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INTRODUCTION
Metal oxide semiconductors have found huge importance in the field modern era [1] . It shows wide verity of applications in sensors and devices [2] . They also provide a good platform to modify various physical properties due to their small size and a high density of surface. The structural, optical, and electronic properties are determined by the particle size [3, 4] .
SnO2 and ZnO are belonging to n-type with band gap of 3.6 and 3.37 eV, respectively [5] . SnO2/ZnO nanocomposites shows a high electron conductivity, mobility, and found large usage in transparent electrodes for solar cells [6] , anode materials [7] , sensors [8] , field emission devices, optoelectronic devices [9] [10] [11] , and photocatalysts [12] . There are several techniques to prepare SnO2/ZnO nanocomposites including magnetron sputtering [13, 14] , sol-gel [15] , and hydrothermal and PLD [16] .
Among these methods, the sol-gel method provide many benefits compare to other methods such as low processing temperature, low cost, better homogeneity, high purity of products, and controlled stoichiometry [17] . This technique epitomizes way of preparation and gives tremendous properties appropriate for many applications. In view of this, wide verities of catalyst agents or catalysts have been prepared by this method [18] [19] [20] [21] . SnO2-based gas sensor devices can be used to detect various inflammable and harmful gases such as hydrogen, carbon monoxide, ethanol, and methanol [22] . ZnO is a versatile material due to its various physical properties [23, 24] . It can also used as a sensor, energy conversion, energy generator, and photocatalyst in hydrogen production owing to its piezo-and pyroelectric properties [25, 26] .
The photocatalytic method produces redox reactions with the material absorbed on the surface of the photocatalyst by the formation of electron-hole pairs by means of band-gap radiation. However, a very high degree of photogenerated holes and electrons recombination in the semiconductors decrease their photocatalytic efficiency and in the deprivation of impurities in air and water [27] . The process of the photocatalysis is growing the charge separation and its photocatalytic efficiency. Providentially, the process of doping in band-gap energy can increase the charge departure and enlarge photocatalytic activity for phase reactions than the single semiconductor photocatalysts [28] [29] [30] [31] . The current work is focused on the synthesize of SnO2/ZnO nanocomposites in presence of polyethylene glycol (PEG) and the consequence of SnO2 on the structural, optical, and the photocatalytic properties. In addition, The SnO2/ZnO nanocomposite was used to change glassy carbon electrode and applied for the electrochemical sensing of hydrazine. In our previous work [32] , 0.1 SnO2/1.0 ZnO was synthesized by sol-gel method and annealed at 600 o C was used for the electrochemical sensing of liquid ethanol.
EXPERIMENTAL

Samples synthesis
SnO2/ZnO nanocomposites were prepared by sol-gel method. In a beaker, 1.0 gm of polyethylene glycol (PEG) was dissolved in 100 mL H2O and then Zn(CH3COO)2 ·2H2O and preferred quantity of tetrachloride 5-hydrate (SnCl4.5H2O) were subsequently mixed to the PEG with vigorous magnetic stirring for 2 h. Then, the as-prepared nanocomposites were dehydrated at 120 
Characterization
The XRD studies of prepared material were characterized by SHIMADZU XD-D1. The spectral studies of all the samples were measured using Perkin Elmer Raman Station 400. The surface topography of the all the materials were examined using a SEM (JSM 6360 LA, Japan). FTIR spectroscopy (Perkin Elmer) was employed to understand the vibrational spectra. The optical data was measured using a UV/Vis spectrometer. The TEM data of prepared samples was recorded by A JEM-2100F. The Nitrogen adsorption-desorption isotherms were measured by NOVA2000e instrument.
Photocatalytic method
The photocatalytic test of different content of SnO2 in SnO2/ZnO was performed using methylene blue as a probe molecule. The experiment is conducted using a 100 mL container fitted with 250 W lamp (visible) placed on a magnetic stirrer. After that a suspension of 1 g/L of prepared nanostructures of methylene blue (0.02 mM) was nonstop stirred for 2 h in dark to get adsorption equilibrium. After that the solution aerated to oxygen supply throughout investigates. The preapared samples were removed at regular interval and centrifuged. The methylene blue elimination was studied by calculating the change in the absorbance at 663 nm wavelength of MB using a UV-visible spectrophotometer.
Electrochemical Sensing of Hydrazine
The prepared material with optimal molar ratio 0.1 SnO2/1.0 ZnO was used to change glassy carbon electrode for the electrochemical sensing of hydrazine. The GCE with a surface area 0.071 cm -2 was initially polished by 1µm and 0.05 µm diamond and alumina slurry. The active SnO2/ZnO nanocomposite was smoothly mixed with a butyl carbitol acetate/ethyl acetate binder and then coated onto the GCE. Electrode drying was carried out at 65 ºC for 5 h. Zahner Zennium electrochemical workstation was connected to a three electrode system for both cyclic voltammetric and amperometric measurements. GCE modified by SnO2/ZnO is the working electrode, while a Pt wire is a counter electrode, and Ag/AgCl is the reference electrode. The electrochemical measurements were conducted in phosphate buffer solution (PBS) of pH=7.4.
RESULTS and DISCUSSION
XRD graphs of SnO2/ZnO nanocomposites by sol-gel method and annealed at 600 o due to SnO2 (110), ZnO (002), and ZnO (101), respectively, were observed. The intensity of the first peak (SnO2 (110)) decreases with a decrease in the SnO2 concentration. Conversely, the intensity of the third peak (ZnO (101)) increases with the decrease in SnO2 content, i.e., an increase in ZnO content. Additionally, the intensity of second peak (ZnO (002)) remains almost the same. These results indicate that high orientation occurs in the (110), (002) and (101) (110) FTIR spectroscopy was measured for quantitative and qualitative analysis of the chemical bonds in the samples. As shown in Fig. 3 , the observed peaks at 570 cm -1 and 670 cm -1 are attributed to Zn-O bonds [35] and O-Sn-O lattice [36] , respectively. The intensities of the Zn-O bonds decrease and those of O-Sn-O lattice increase with increasing SnO2. The weak peak at 1650 cm -1 is related to symmetric C=O bond vibrations. Very weak peaks situated at 2380 cm -1 and 2850 cm -1 could be attributed to the absorption of CO2 and hydroxyl groups of water molecules, respectively, due to atmospheric moisture. This outcome suggests that the quality (low impurities) of the SnO2/ZnO nanocomposites is very high. From the literature the Raman modes for ZnO are A1 + 2E2 + E1, where A1 and E1 represents polar phonons and, they exhibit different frequencies for the TO and LO phonons. Similarly the Nonpolar phonon E2 have two frequencies like E2 (high) related with oxygen atoms and E2 (low) related with Zn sublattice [37] . In addition, SnO2 exhibit a tetragonal rutile structure with point group 14. Some reports already reported the mechanical representation of the normal vibration modes at the center of the Brillouin zones as [38, 39] :
(1) Fig. 4 shows the vibrational modes of the prepared nanocomposites. The spectra consists several characteristics vibrational modes of SnO2 and ZnO at 468, 652, and 721 cm -1 are attributed to the Eg, A1g, and B2g of SnO2, respectively [40] . The E2H-E2L, A1 (TO), E2 (high) and E1 (LO) vibrational modes of ZnO are assigned to 332, 377, 438, 591 cm -1 respectively [41] . The peaks at 857 and 891 cm -1 for hexagonal ZnO arise for modes (LA to TO) and 2TO. Fig. 5(a) , a pure ZnO sample has agglomerated type of morphology and the grains attached to each other and form a cluster but the pure SnO2 sample shows nanorods morphology (Fig. 5(b) ). SnO2/ZnO nanorods are collected of polycrystalline hexagonal wurtzite ZnO and rutile SnO2 (Figs. 5(c) and (d) ). The numbers of the nanorods decrease with the decreasing SnO2 content.
The topography of the prepared pure SnO2, ZnO, and SnO2/ZnO nanocomposites were distinguished by TEM. Fig. 6(a) shows a representative TEM image of the pure SnO2 nanorods growing at a high density with a random distribution. As shown in the images, the rods are not of homogeneous size and vary from 20 nm to 100 nm in length and 20 nm in diameter. The high resolution (HR) TEM image and its equivalent FFT designate the single crystalline nature (Fig. 6(b) ). The gap between adjoining lattice planes parallel to the growth direction is 0.33 nm. The preferential growth of the SnO2 nanorods occurs along the normal of (110) planes. Fig. 6(c) shows a TEM image of pure ZnO powder. The particle morphology is spherical as a result of PEG addition. The interfacial structure of the prepared samples was identified by the HRTEM observation as presented in Fig. 6(d) . It clearly shows that SnO2/ZnO has a nanorod structure similar to that of SnO2. The SnO2/ZnO nanorod units possess a hexagonal end face and span from 30 to 50 nm with a diameter of about 10-15 nm (Fig. 6(d) ). The chosen area electron diffraction (SAED) patterns for SnO2/ZnO shows numerous bright concentric rings, as shown in Fig. 6(d) . The inset of the figure suggests that the studied materials showing a polycrystalline structure corresponding to various diffraction planes of tetragonal polycrystalline SnO2. It can be inferred that PEG likely serves as a structure-directing agent for scheming the formation of SnO2/ZnO nanocomposites. It indicates that Zn is effecting the morphology of SnO2 nanostructure. The DR spectra of SnO2/ZnO nanocomposites at different SnO2 contents are carried out in diffuse reflectance mode (R) using the Kubelka-Munk function F(R) and the plots are shown in Fig. 7 . The band gap values calculated from Kubelka-Munk function [42] as shown in Fig. 8 .
where h and υ have their usual meanings. The measured band gap of pure SnO2 nanoparticles is 3.20 eV, which is lower than the earliear reported values i.e., 3.6 eV [43, 44] . The band gaps of SnO2/ZnO nanocomposite (1.0:1.0) and SnO2/ZnO nanocomposite (0.1:1.0) are 3.5 and 3.0 eV, respectively. The Eg values are decrease with the decreasing SnO2 contents with the increase in particle size (Fig. 2) . Fig.9 shows the time-dependent UV-Vis micrograph of methylene blue under UV light. The Three absorption bands, 245 nm, 291 nm and 663 nm for methylene blue MB dye, slowly decrease with the rise in the irradiation times. To form leuco-MB there are two processes are adopted either by twoelectron reduction to its colorless form or oxidative degradation or [42] . Further, the absence band at 245 nm of leuco-MB indicates the decoloration of MB is due to the oxidative degradation of the dye in the presence of a photocatalyst. can be attributed to that the ionic radius of Sn 4+ is equal to that of Zn +2 [45] and the mutual action of both oxides results in the suppression of photogenerated electron and hole recombination, which increases photocatalysis [45] . The higher photocatalytic activities of the prepared nanocomposites than undoped SnO2 was remarkable observed. In addition, the decrease in the SnO2 content leads to an increase in the photocatalytic activity as a result of the very low photocatalytic activity of SnO2 and high photocatalytic activity of ZnO. Moreover, the photocatalyst with 0.1 SnO2:1.0 ZnO molar ratio is much better than others. This can be ascribed to the configuration of heterojunctions between SnO2 and ZnO [46, 47] as stated above. The photocatalytic action of the undoped nanocomposites for the degradations of MB at different molar ratios is shown in Fig. 11 . From figure it is understood that for the (0.1:1.0) SnO2/ZnO showing high photocatalytic action i.e., 0.1 SnO2 content, most efficient heterojunction which may be due to effective lowering of e − /h + pair recombination, eventually rising the degradation rate. After that, increase the SnO2 content leads to a reduce in the photocatalytic activity due to the formation of SnO2/SnO2 homojunctions, which reduce the number of SnO2/ZnO heterojunctions and also increase free SnO2 nanoparticles possessing a low photocatalytic activity [48] . The decreased band gap of (0.1:1.0) SnO2/ZnO (Fig. 8 ) might be due to the other reasons. From the diffuse reflectance spectral results, SnO2 doping leads to a decrease in the band gap, which can simply be activated by visible light, thus availability of electron and hole pairs grows resulting in the efficient generation of highly active hydroxyl radicals (OH • ) and superoxide radical anions (O2 •− ) for the degradation of target pollutants. Fig. 12 shows the % degradation with respect to irradiation time. Ltd., Tokyo, Japan) [49] . The pore size distribution was analyzed by the Barrett-Joyner-Hanlenda method using adsorption isotherm (inset) (Figs. 13-16 ). Bare, unmodified GCE and SnO2/ZnO modified GCE were firstly examined for their electrocatalytic activity using the cyclic voltammetry (CV) approach in 0.1M PBS of pH 7.4 containing 0.1 mM hydrazine. The CVs obtained using both electrodes are shown in Fig. 17 . As could be seen, bare GCE generates small anodic current starting at 0.3 V vs Ag/AgCl and reached its maximum value of around 0.5 µA, with no noticeable anodic peak. However, much enhanced anodic current was detected at the SnO2/ZnO modified GCE and reached to almost three times more current compared to the current induced at bare GCE. The anodic current starts also to appear at a lower over-potential compared to the unmodified GCE (0.2V), forming a real, distinct anodic peak at 0.45V (Ipa=1.5µA) related to hydrazine elecro-oxidation. This observation ensures that the electro-catalytic activity of the modified electrode was notably promoted compared to unmodified one. Furthermore, a cathodic current was also detected at the SnO2/ZnO modified GCE due to H2O molecules reduction. The enhanced increase in the anodic peak current suggests a quicker electron moment and consequently hydrazine can be determined electrochemically via such an oxidation event. The electrochemical oxidation of hydrazine has been studied at various changed electrodes and the oxidation process has been reported to involve a 4-electron transfer, generating N2 gas in last stage based on the following equations [50- Finding of hydrazine with different concentrations was examined electrochemically via the amperometric approach at the SnO2/ZnO modified GCE. The current transient (i-t) response is shown in Fig. 18(a) . A quick increment of oxidation current was detected upon the successive injection of hydrazine into the stirred buffer solution, reaching its levelling value within 5 s response time. A typical staircase curve was obtained at the modified working electrode, indicating effective sensing of hydrazine. 
The electrode sensitivity could be estimated from the ratio between slope of calibration plot and the electrode area, the obtained sensitivity was 1.16 μAµM −1 cm −2 . The limit of detection (LOD) is calculated for the current modified electrode based according to equation (4):
m is the slope of calibration curve (0.0822 μAµM −1 ) and Sb is the standard deviation and equals to 0.01 μA as measured from average five measurements using a blank sample in buffer solution. The LOD was calculated as 0.36 μM. 
CONCLUSION
In this report, SnO2/ZnO material is synthesized by the sol-gel method in the existence of PEG at 600 o C. The examination of a robust ZnO (101) peak indicated that a high orientation occurs at (110) plane for SnO2. The SEM images showed that the pure ZnO sample has agglomerated type morphology and the grains attached to each other and formed a cluster and the pure SnO2 sample shows nanorods morphology. The band gaps (Eg) of ZnO, SnO2, 1.0 SnO2:1.0 ZnO, and 0.1 SnO2:1.0 ZnO, are 3.09, 3.5, and 3.00 eV, respectively. The photocatalysts with 0.1 molar ratios showed higher photocatalytic activities than the others. SnO2/ZnO (0.1:1.0) showed a BET surface area of 11.26 m 2 /g, which is quite less than the pure SnO2 (25.04 m 2 /g).
